Simple methods were developed and evaluated to assess total energy expenditure in 24 healthy, Swedish women planning pregnancy. Total energy expenditure was measured by the doubly-labeled water method (reference method) and three simple methods: heart rate recording, movement registration by an accelerometer, and a questionnaire. Mean total energy expenditure obtained by the four methods varied between 2,530 kcal per 24 hours (10,570 kJ/24 hours) and 2,730 kcal per 24 hours (11,420 kJ/24 hours). No significant difference between the results obtained by the different methods was found. The mean difference between the simple method and the reference method was for the questionnaire 204 ± 508 kcal per 24 hours (853 ± 2,124 kJ/24 hours), for the heart rate recorder 58 ± 338 kcal per 24 hours (241 ± 1,416 kJ/24 hours) and for the accelerometer 6 ± 325 kcal per 24 hours (25 ± 1,360 kJ/24 hours). The heart rate recorder and the questionnaire overestimated high and underestimated low energy expenditures. The accelerometer and the heart rate recorder were able to assess mean total energy expenditure of groups. No systematic bias was found when the accelerometer was used.
Introduction
The fact that early nutrition may program health later in life has recently attracted interest [1] . As a consequence, the nutritional situation of women of childbearing age comes into focus. Nutritional assessments, including estimates of dietary intake, are thus of interest. However, estimates of energy intake are often underestimates of the true intake [2] . Therefore, ideally, studies of dietary intakes should include an independent assessment of the total energy expenditure (TEE) of the subjects investigated. Thus there is a need for simple and inexpensive methods for such measurements.
The objective of this study was to develop and evaluate simple methods to assess TEE using heart rate recording, movement registration (measured by an accelerometer), and a questionnaire in healthy, Swedish women of childbearing age.
Material and methods
Information about the 24 women participating in the study is given in table 1. These women, who were all planning pregnancy, showed a wide range of body mass indexes. Half of the subjects were employed in office work and the other half in childcare or nursing jobs.
The doubly-labeled water (DLW) method was used as the reference method. The subjects were given a dose of doubly-labeled water (0.05 g deuterium and 0.15 g oxygen-18 per kg body weight) after collecting baseline samples of urine. The subjects collected another five urine samples during the next 14 days. Isotopic Marie Löf, Ulf Hannestad, and Elisabet Forsum enrichment of the dose and urine samples was analyzed using an isotopic ratio mass spectrometer (Deltaplus XL, Thermoquest). Carbon dioxide production and TEE were calculated as described earlier [3, 4] assuming 30% of water losses to be fractionated. The subjects wore an accelerometer (Computer Science and Applications, Shalimar, Fla., USA) and a heart rate monitor (Polar, Stockholm, Sweden) during the same two weeks as TEE was measured by the DLW method. On the day of dosing each subject performed six standardized activities while wearing the heart rate monitor and the accelerometer. Individual calibration curves were established by assigning different conversion factors [5] to the six activities. After the measurement period, the recorded heart rate and accelerometer outputs were converted to TEE by using the individual calibration curves and basal metabolic rate (BMR) calculated using prediction equations [6] . Furthermore, after the experimental period, using a questionnaire, each subject estimated how much time she had spent in six different activity categories during the last two weeks. Appropriate conversion factors [5] assigned to the different activity categories and predicted BMR were used to calculate TEE. Figure 1 shows mean TEE of the subjects as obtained by the questionnaire, the accelerometer, the heart rate recorder, and the doubly-labeled water technique. This figure varied between 2,530 kcal per 24 hours (10,570 kJ/24 hours) and 2,730 kcal per 24 hours (11,420 kJ/24 hours). No significant difference was found between results obtained by the different methods. Agreement between each of the three simple methods and the doubly-labeled water method was assessed according to Bland and Altman [7] . Thus for each subject, the difference between the simple and the reference method was plotted against the average of these two estimates. The mean of these differences gives an estimate of the bias of the simple method when compared to the reference method. The standard deviation of the differences gives an estimate of the precision of the simple method. Figure 2 shows the Bland and Altman plot for the questionnaire. The mean difference was 204 kcal per 24 hours (853 kJ/24 hours), two standard deviations being 1,015 kcal per 24 hours (4,248 kJ/24 hours). This indicates that the questionnaire was both inaccurate and imprecise. Also, there was a significant (r = 0.56, p < .05) linear relationship between the average of the TEE obtained by the questionnaire and the DLW method and the difference between these two methods indicating a systematic bias. The questionnaire thus overestimated high and underestimated low energy expenditures. Figure 3 shows the Bland and Altman plot for heart rate recordings. Here the mean difference was 58 kcal per 24 hours (241 kJ/24 hours) while two standard deviations were 677 kcal per 24 hours (2,832 kJ/24 hours). This method was apparently more accurate than the questionnaire but still fairly imprecise. Also, the heart rate recorder showed a systematic bias (r = 0.51, p < .05) overestimating high and underestimating low energy expenditures.
Results
Finally, figure 4 shows the Bland and Altman plot for the accelerometer. In this case the mean difference was very small, only 6 kcal per 24 hours (25 kJ/24 hours). However, two standard deviations were still as large as 650 kcal per 24 hours (2,720 kJ/24 hours). The accelerometer was thus more accurate than the other two methods but its precision was still low. No systematic bias was found for this method.
To illustrate the potential of the three methods to predict TEE of individuals we calculated the physical activity level (PAL) of our subjects. The PAL was the ratio between TEE, measured by the DLW method, and BMR, measured by indirect calorimetry. The PAL values of the 24 subjects were distributed into low, moderate, or high categories. Each category contained eight subjects. For each method, we calculated the number of individuals who were classified in the same category by the simple method and by the DLW method. We also calculated the number of subjects who were classified one or two categories too low or too high by the simple method ( fig. 5 ). For the questionnaire, the bar in the middle of the histogram shows the number of subjects who were classified in the correct PAL-category by this simple method. This was the case for 12 subjects (that is 50% of the total number of subjects). Four subjects (17%) were classified in a PAL-category that was one step below the correct one and another four subjects (17%) were classified in a category that was one step too high. Two subjects (8%) were classified in a PALcategory that was two steps below the correct one and another four subjects (8%) in a category that was two steps too high. The results obtained by the heart rate recorder and the accelerometer showed a similar pattern. No matter what method we used only about half of the subjects were classified correctly. Even if we used the mean of all three simple methods only about twothirds of the subjects were classified correctly.
Conclusion
All three simple methods showed poor precision. Thus, they cannot be used on individuals. The accelerometer and the heart rate recorder were able to assess mean TEE. They may therefore be used on groups. Results obtained by the accelerometer had no systematic bias. This method was therefore superior to the others. 
